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Evaluation of the BacT/Alert and VITAL blood 
culture systems for the diagnosis of bacterernia 
Dionisia Fontanals, Isabel Sanfefiu, lrnmaculada Pons, Dolors Mariscal and 
Montservat Torra 
Laboratory of Microbiology, Consorci Hospitalari Parc Tauli, Barcelona, Spain 
Objective: To evaluate the detection of bacterial growth in the BacT/Alert (Organon Teknika) and VITAL (bioMBrieux) 
automated blood culture systems. 
Methods: In accordance with the protocol of study, 1021 blood sample pairs for culture were obtained from adult 
patients admitted to  the Emergency Room and Intensive Care Unit. 
Results: In total, 139 (13.6%) clinically significant blood cultures were detected, of which 79 (56.8%) were detected by 
both systems, 48 (34.5%) only by BacT/Alert and 12 (8.6%) only by VITAL ( P  <0.0001). The BacT/Alert system detected 
positive blood cultures more rapidly for all groups of microorganisms. The VITAL system showed six false-negative 
blood cultures, while the BacT/Alert system showed none ( P  =0.03). There was no significant difference between the 
number of false-positive blood cultures detected by the two systems. 
Conclusions: In our study, overall the BacT/Alert system achieved a better recovery of microorganisms than the VITAL 
system. 
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INTRODUCTION 
The rapid detection of microorganisms that cause 
bacteremia is one of the main objectives of clinical 
microbiology laboratories. The past few years have seen 
an increase in the number of commercial systems for 
the automated and continuous detection of the 
presence of microorganisms in blood cultures, reducing 
both the time required to obtain positive results and the 
workload of laboratory staff. Two of these new systems 
are the BacT/Alert system (Organon Teknika 
Corporation, Durham, NC) and the VITAL system 
(bioMkrieux, Marcy-I'Etoile, France), which both use 
continuous, non-invasive monitoring for the detection 
of bacterial growth. Both systems are based on the 
detection of CO:! produced in the culture medium 
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during microbial metabolism. The BacT/Alert system 
uses an internal colorimetric sensor to detect the 
presence of COz, while the VITAL system nieasures 
the decrease in fluorescence that results when the CO2 
produced by the bacterium attaches to a fluorescent 
molecule in the culture medium. 
The BacT/Alert system has been compared with 
other automated systems, such as Bactec 660/730 [l], 
Bactec NR-860 [2], Bio-Argos [2], Difco ESP 131 and 
Bactec 9240 [4], and, recently, the VITAL system has 
been described in comparison with the Bactec NR- 
660 [5]. The objective of this study was to evaluate and 
compare BacT/Alert and VITAL blood culture systems 
to find out which of them provides beccer detection of 
bacteremia. 
MATERIALS AND METHODS 
Study population 
We studied 1053 blood sample pairs from adult patients 
who were admitted to our hospital's Emergency Room 
and Intensive Care Unit between April and October 
1995 on the clinical suspicion of bacteremia. All other 
hospital departments use the manual Hemoline 
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(bioMkrieux) system for blood culturing. The hospital 
has 600 beds for acute diseases and 220 for chronic 
diseases. 
Inclusion criteria 
To obtain blood cultures for comparison of the two 
systems, 20 mL of blood were aseptically withdrawn by 
nurses, and subsequently equally (5 mL) divided, first 
in the two ‘aerobic’ bottles and then in the two 
‘anaerobic’ bottles. To ensure that the culture bottles 
were inoculated with the specified volume ofblood, we 
measured the level of fluid in each container after it was 
filled. Blood culture pairs that were non-compliant 
with any of the premises established in the protocol 
(volume and type of bottle) were not included in the 
study, although they were processed in the two systems 
for detection of possible microorganisms. Standard 
media BacT/Alert bottles were used for the study. 
Bacteriology 
The ‘aerobic’ BacTIAlert bottles were vented for at 
least 5 s prior to placement in the BacT/Alert incu- 
bator unit. The manufacturers had provided the 
required information to enable laboratory technicians 
to place the bottles in both systems during the entire 
24 h in accordance with the manufacturer’s instruc- 
tions. All bottles were incubated for 6 days, except for 
samples from patients with a clinical suspicion of 
endocarditis, fungemia or brucellosis, in which case the 
incubation time was extended to 21 days. 
All bottles indicated as negative by both systems 
were subcultured onto two plates of heated blood 
(‘chocolate’) agar, which were incubated at a ternpera- 
ture of 35°C in an aerobic atmosphere (5% CO2) and 
an anaerobic atmosphere for 2 days. 
When positive cultures were detected, they were 
removed for Gram-staining using an automated 
HARLECO MIDAS I1 unit (Merck), and for sub- 
culturing onto appropriate media. All isolates were 
identified by means of standard microbiology tech- 
niques [6]. 
In addition to the culture collection date and time, 
lot numbers, and pertinent patient information, the 
following data were collected in conjunction with the 
study: (1) receipt date and time; (2) time to a positive 
result (designated as the time to a positive signal); (3)  
false-positive results (defined as cultures that were 
found to be positive by the instrument but not con- 
firmed by direct smear or subculture); and (4) false- 
negative results (designed as cultures found to contain 
growth only after terminal subculture). Fake-positive 
blood culture bottles were reincubated until the end of 
the incubation protocol. 
Clinical assessment 
The medical charts of patients whose blood cultures 
produced growth of coagulase-negative staphylococci, 
diphtheroids, Bacillus spp. and Propionibacterium spp. 
were reviewed by an infectious disease physician. The 
criteria used for inclusion of these isolates were a 
potential source for bloodstream infection and either 
clinical signs or suspicion of sepsis [7] .  O n  the basis of 
this review, cultures which had probably been con- 
taminated during venipuncture or bottle processing 
were excluded from analysis. 
Data analysis 
The results of the ‘aerobic’ bottles and of the 
‘anaerobic’ bottles were analyzed for their clinical signi- 
ficance. The connection between blood culture system 
and detection of the type of microorganism was 
evaluated using the McNemar test. 
In those cases in which both systems detected the 
microorganism, the times to detection of the two 
systems were compared using Student’s t-cest for 
matching data. For this analysis, two situations were 
distinguished: (1) if the system detected growth in only 
one bottle, the speed of detection of this bottle was 
taken as time to detection; (2) if the system detected 
growth in both bottles, the fastest speed of detection 
was taken as time to detection. 
RESULTS 
Of a total of 1053 blood culture sets (pairs of bottles 
processed simultaneously by both systems), only 1021 
complied with the inclusion criteria. Of  these, 139 
(13.6%) were positive, with clinically significant isolates 
(130 monomicrobial and nine polymicrobial), 79 were 
detected by both systems (77 monomicrobial and two 
polymicrobial), 48 were detected only by the BacT/ 
Alert system, and 12 were detected only by the VITAL 
system. This represents a 91.4% sensitivity of BacT/ 
Alert and a 65.5% sensitivity of VITAL (P=0.0001). 
The 139 blood cultures represented 90 bacteremia 
episodes (86 patients). Of  these, 55 were detected by 
both systems, 32 only by the BacT/Alert system, and 
three only by the VITAL system. This represents a 
96.6% sensitivity of BacT/Alert and a 64.4% sensitivity 
of VITAL (P<0.0001). 
Table 1 Results by blood culture system 
BacT/Alert VITAL 
system system P value 
False positives 18 22 > 0.2 
Clinically significant 127 91 0.0001 
False negatives 0 6 0.03 
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Table 2 Cliiiically significant rnicroorganisnl isolations 
No. of isolatrr 
CI-oUp (96) Microorg,ini\iii No. of 1solattY 
Entri-obactcridcrae 75 (50.6%) Eieircrichia ndi  
Klcbtielln prieirnioniiic 
iiielirirliu osyroro 
Errrcrobacrer eloncoc 
Errrrrid~acter irirermcdrrrrrr 
Errrcrobacter nuoycricx 
Proreirs miriibilis 
, M i ~ p i i d l u  rrior,qariir 
Aerorrrormc liydrophiia 
Soli t ionrl ln crireritidis 
Sdriiotielia typl’hi 
Anaerobes 
Ye”\ 
28 (18.9%) 
25 (16.9%)) 
5 (3.4%) 
4 (2.7%) 
3 (2.0‘X>) 
8 (5.4%) 
Total 118 
1 
3 
118 
Table 1 presents the number of false-positive, false- 
negative and clinically significant blood cultures, 
according to the system by which they were detected. 
The BacT/Alert system showed 18 (1.7%) false- 
positive blood cultures, while the VITAL system 
showed 22 (2.1%). This difference was not statistically 
significant ( D 0 . 2 ) .  The BacT/Alert system did not 
yield any false-negative blood cultures, while VITAL 
yielded six false-negative cultures and five false- 
negative episodes (P=O.O3). The microorganisms not 
detected were Klebsieild pneirnzoniae in two cases (same 
episode), Stnphylororclrr auyeiis in two cases, Staphylo- 
coccus epidermidis in one case, and Torulopisglahratn in one 
case. In all, 29 (2.8%) contaminated blood cultures were 
found. The BacT/Alert system found 25, and the 
VITAL system 1 0  (P=0.003). Ofthe  29 contaminants, 
Srnphyloc-occi4s spp. was the most frequently found 
microorganism (n= 22) ,  followed by Propioi.lihacteriirrii 
spp. (n=3), Corynebncteviirni spp. (n=3) and Bacilltrr spp. 
(n= 1). 
Table 2 shows the distribution of the 3 48 clinically 
significant microorganisms isolated by the two systems. 
One hundred and thirty blood culture5 were 111o110- 
microbial and nine were polymicrobial; in  each ofthese 
latter, two microorganisms were isolated. As is clear 
from the table, about half the microorganisms (n=75) 
were Enterobacteriaceae, followed by 28 Streptococcuc 
spp., 25 Staplzylococciis spp., five Pseudoinonas spp., four 
Bacteroides jiafilis strains, three Todopsis ~ l a b r a t a  strains 
and eight fastidious microorganisms. 
Table 3 presents the different groups of clinically 
significant microorganisms as detected by only one 
system or by both systems a t  the same time. Both total 
figures and the figurer regarding blood cultures from 
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Table 3 Detection of clinically significant organisms: total figures and relationship with previous antibiotic ingestion 
Antibiotics 
Yes No Total 
Microorganism Both BacT VIT P Both BacT VIT P Both BacT VIT P 
Enterobactrriaceae 
Sfrepfococms spp. 
I’seudomonai spp. 
Fastidous microorganisms 
Anaerobes 
Yeasts 
Stuphylococcus spp. 
Total 
Polymcrobial 
7 5 1 0.10 
1 3 1 0.32 
4 5 0 0.03 
0 2 0 0.16 
0 1 0 0.32 
2 1 0 0.32 
3 2 0 0.16 
15 19 2 < 0.001 
1 3 0 0.08 
36 22 4 < 0.001 
16 5 2 0.26 
9 3 4 0.71 
3 0 0 -  
2 5 0 0.03 
0 0 1 0.32 
0 0 0 -  
66 35 11 < 0.001 
1 3 1 0.32 
43 27 5 < 0.001 
17 8 3 0.13 
13 8 4 0.25 
0 0.16 3 2 
2 
2 1 1 -  
1 2 
6 0 0.014 
0 0.16 
81 54 13 < 0.001 
1 0.059 2 6 
BacT, BacT/Alert system; VIT, VITAL system 
patients with or without antibiotic treatment are given. 
The BacT/Alert system detected more Entero- 
bacteriaceae (P<O.OOl)  and fastidious microorganisms 
(P=0.014) than the VITAL system. For the other 
groups of microorganisms, there was no significant 
difference between the two systems. Of  the nine 
polymicrobial blood cultures, eight were found by the 
BacT/Alert system, and only three by the VITAL 
system (P=0.059). 
A division of the overall results according to 
whether patients had or had not received antibiotics 
shows that those of the group that had not received 
antibiotics are similar to the overall result, which is due 
largely to the fact that more microorganisms were 
isolated from patients who had not received antibiotics. 
However, for patients who had been treated with 
antibiotics, the results of the BacT/Alert system were 
better for the group of Staphylococcus spp. (P=0.03). 
The average times taken by the two systems to 
signal a blood culture as positive, comparing only blood 
cultures indicated as positive by both systems, are given 
in Table 4. The mean time in hours of the BactT/Alert 
is shorter than that of the VITAL system for all groups 
of microorganisms that could be compared. Except for 
Table 4 
microorganisms 
Mean time to detection in hours for groups of 
~~ ~ 
Average time (h) 
to detection 
No of BacT/Alert VITAL 
Microorganism isolates system system P value 
Enterobacteriaceae 43 15.26 19.45 0.057 
Staphylococcus spp. 13 19.96 30.06 0.062 
Streptococcus spp. 19 16.95 30.19 0.051 
Psrudomonas spp. 3 22.83 40.16 0.052 
Anaerobes 3 26.46 81.80 0.046 
the group of anaerobic microorganisms, the mean time 
to detection of the BacT/Alert system was less than 
24 h. In 80% of the cases, Gram-staining of the positive 
bottles of the VITAL system proved difficult, as the 
sample detached from the slide upon staining of the 
preparations that had been previously fixed by heat. 
Handling of both the incubator unit and the computer 
system of the BacT/Alert system was much easier than 
that of the VITAL system. The fact that the ‘aerobic’ 
bottles of the BacT/Alert system had to be vented did 
not cause any problems for the technical laboratory staff. 
DISCUSSION 
During the months in which the study was performed, 
there was no change in the study protocol and the same 
software and the same culture media were used. 
Because of the difficulty in Gram-staining the positive 
bottles of the VITAL system, it did prove necessary, 
however, to fix these preparations with alcohol prior to 
staining. 
Over the course of the study, some technical 
problems occurred with the VITAL system, such as 
blocking of the drawers of the incubator unit (for 
8-12 h), which for some time forced us to incubate the 
bottles of this system in a traditional culturing unit. 
Fortunately, none of these bottles was detected as 
positive, so they were not excluded from the study. 
Moreover, the bottles detected as positive in the system 
could not be removed for this period until the 
mechanical problem was resolved. 
Perhaps more cases of bacteremia and fungemia [8] 
could have been detected if 7-8 mL of blood was 
inoculated per bottle (ratio<l : 5), since it is well 
known that a greater volume yields a higher recovery 
percentage. Nevertheless, this might not have been so 
for the patients of the Intensive Care Unit, the majority 
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of whom were treated with antibiotics 191. Moreover, 
the use of 7-8 mL of blood per bottle would entail the 
withdrawal of 28-32 niL of blood per culture, which is 
considered to be an excessive quantity, given the fact 
that two subsequent blood cultures were taken for most 
patients. Despite this, the percentage of positivity was 
13.60/0, higher than that found by other authors [2-4, 
10-231, perhaps because patients admitted to the 
Emergency Room did have high clinical suspicion of 
bactereniia. 
In our study, the BacT/Alert system detected the 
microorganisms responsible for bacteremia in 1 27 
blood cultures, while the VITAL system detected them 
in 91 ( P = O . O O O l ) .  We found that, apart from the group 
of Staphylococcus spp., this significant d i f fknce  between 
the two systems did not emerge in positive cultures 
from patients treated with antibiotics, while it was more 
evident in positive cultures from patients not treated 
with antibiotics. Of  the 148 microorganisms isolated in 
this study, 112 came from patients not treated with 
antibiotics and only 36 from patients who were treated 
with antibiotics. 
This difference is difficult to understand for groups 
of microorganisms like the Enterobacteriaceae. Never- 
theless, in the group of fastidious microorganisms, the 
VITAL system could only detect bacterial growth of 
Haemophilus i$ueizzae. The Cardiobacteviutn hotninis and 
Actinobadlus actinomyceteincomitans strains, which were 
only isolated from patients with endocarditis by the 
BacT/Alert system, were also isolated by the Hemoline 
(bioMCrieux) manual system when these patients were 
admitted to the medicine unit. N o  parallel sampling 
comparing Henioline and VITAL was performed. The 
only difference in the composition of the BioMhrieux 
blood cultures is the fluorescent molecule added to the 
VITAL bottles. One  could speculate that this might 
damage the viability of certain microorganisms (fas- 
tidious, or in low inoculum), so that they might not be 
detected in the subcultures of blood cultures indicated 
as negative by the system. Perhaps this molecule also 
complicates visualization in the Gram-staining of the 
positive culture. 
In a large controlled clinical comparison of VITAL 
and BACTEC NR-600 blood culture systems for the 
detection of sepsis in children [5], the BACTEC PEDS 
PLUS bottle performed significantly better than the 
VITAL AER bottle in detecting the growth of bacteria 
and yeast from children. When the authors evaluated 
cultures that had a volume advantage in one system over 
the other, PEDS PLUS bottles retained a statistical 
advantage even when VITAL AER bottles received 
more blood. Therefore, volume differences did not 
account for the improved recovery in PEDS PLUS 
bottles. 
While in our study standard media flacT/Alert 
bottles were used in comparison with the VITAL 
bottles, Zaidi et a1 [5] compared VITAL AER bottles 
with resin-containing PEDS PLUS bottles. Although it 
is suggested that resin-containing media are superior 
for detecting microorganisms, especially for patients on 
antimicrobial therapy, Zaidi et a1 (51 found that PEDS 
PLUS medium was also better at detecting Staphylococci 
and all microorganisms combined even for patients not 
on antimicrobial therapy. 
In our study we found that the mean time to 
detection in hours favored the BacT/Alert system, with 
results approaching statistical significance at  the 5% 
level. Zaidi et a1 [5] concluded that although the 
VITAL system in general was faster at detecting micro- 
bial growth, the difference of only 1 h is not impressive, 
considering that the VITAL system is a continuously 
monitoring system and that growth in the semi- 
automated BACTEC NR-660 syste~n is monitored 
only once or twice a day. 
In conclusion, the results obtained in our study 
indicate that the BacT/Alert system is much more 
sensitive than the VITAL system for the detection of 
bacterial growth in cultures from patients with 
bacteremia. 
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